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DEPARTMENT OF THE ARMY HOT- R0

®\
o B NEW ENGLAND DIVISION. CORPS OF ENGINEERS
l;.m 424 TRAPELO ROAD
' WALTHAM, MASSACHUSETTS 02154
REPLY TO .
ATTENTION OF: . .
NEDED 0CT 12 1979

Honorable Hugh J. Gallen

Governor of the State of New Hampshire
State House

Concord, New Hampshire 03301

Dear Governor Gallen:

Inclosed is a copy of the Lake Waukewan Dam Phase I Inspection Report,
which was prepared under the National Program for Inspection of
Non-Federal Dams. This report is presented for your use and is based
upon a visual inspection, a review of the past performance and a brief
hydrological study of the dam. A brief assessment is included at the
beginning of the report. I have approved the report and support the
findings and recommendations described in Section 7 and ask that you
keep me informed of the actions taken to implement them. This follow-up
-action is a vitally important part of this program. '

A copy of this report has been forwarded to the Water Resources Board,
~ the cooperating agency for the State of New Hampshire. 1In additiomn, a
copy of the report has also been furnished the owner, Amatex
Corporation. . . "
Copies of this report will be made available to the public, upon
request, by this office under the Freedom of Information Act. In the
case of this report the release date will be thirty days from the date
of this letter.

I wish to take this opportunity to thank you and the Water Resources
Board for your cooperation in carrying out this program.

Sincerely,

Incl % SCHEIDER
As stated Colonel, Corps of Engineers

Division Engineer
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PHASE I REPORT
NATIONAL DAM INSPECTION PROGRAM

Name of Dam: l.ake Waukewan Dam, I.D. NH 00306

State Located: New Hampshire

County Located: Belknap

Town Located: Meredith

Stream: - " Man made outlet between Lake Waukewan and

| ~ Lake Winnipesaukee
Date of Inspection: dJune 6, 1978

BRIEF ASSESSMENT

Lake Waukewan Dam is a man-made outlet facility between Lake Waukewan
and Lake Winnipesaukee. The facility, a surge and outlet structure
has a total overflow weir length of only 11.25 feet with a permanent
crest elevation of 1.80 feet below the nominal lake Tevel.

The physical condition of the facility is fair as a result of a modifi-
cation completed in 1976. It is to be noted that there is no dam or
impounding structure associated with this facility. Lake Waukewan Dam
has created an additional outlet between Lake Waukewan and Lake Winni-
pesaukee; however, the original natural outlet has fallen into disuse
and has been effeétive]y blocked, so that at present all hydraulic
conveyance is through Lake Waukewan Dam. The only provisions for
emergency spi]]ade is through the regulating weir, which has very
limited capacity. The project has approximately 4 feet of surcharge
storage capacity equivalent to 4 in. of runoff or about 20 percent of
Probable Maximum Flood Volume (PMF), the recommended test flood for this
project. Lake inflows in excess of storage capacity could overtop the
lake rim and flood streets of Meredith. Further hydrologic studies are
required to establish the need for, and means, of providing an emergency
spillway.
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Recommended actions to be carried out by the owner, within 12 months
after receipt of this Phase I Report, are summarized in Section 7.

The most important of these is the acquisition of sufficient data to
produce a comprehensive set.of drawings for the facility from its
inlet canal to the outlet channel into Lake Winnipesaukee. Founda-
~tion conditions along the waterway are to be determined in conjunction
with this task. A further study to augment the existing hydraulic
_conveyance capacity between Lake Waukewan and Lake Winnipesaukee is

recommended. -
A QM pr-

Robert Gers w1tz, P.E.




This Phase I Inspection Report on Lake Waukewan Dam

has been reviewed by the undersigned Review Board members. In our
opinion, the reported findings, conclusions, and recommendations are
consistent with the Recommended Guidelines for Safety Inspection

of Dams, and with good engineering judgment and practice, and is
hereby submitted for approval.

Clondy H~Vtseel

CHARLES G. TIERSCH, Chairman
Chief, Foundation and Materials Branch
Engineering Division

FRED J. S, Jr., Member
Chief, De gn Branch
Engineering D1v1s1on

SAUL COEEER, Member ;;

Chief, Water Control Branch
Engineering Division

APPROVAL RECOMMENDED:

“J0OE B. FRYAR
Chief, Engineering Division
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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investigations.
Copies of these guidelines may be obtained from the Office of Chief
of Engineers, Washington, D.C. 20314. The purpose of a Phase 1
Investigation is to identify expeditiously those dams which may’

pose hazards to human life or property. The assessment of the gene-
ral condition of the dam is based upon available data and visual
inspections. Detailed investigation, and analyses involving topo- .
graphic mapping, subsurface investigations, testing, and detailed
computational evaluations are beyond the scope of a Phase I inves-
tigation; however, the investigation is intended to identify any need
for such studies. '

In reviewing this report, it should be realized that the reported
condition of thedam is based on observations of field conditions at
the time of inspection along with data available to the inspection
team. In cases where the reservoir was lowered or drained prior to
inspection, such action, while improving the stability and safety of
the dam, removes the normal load on the structure and may obscure
certain conditions which might otherwise be detectable if inspected
"~ under the normal operating environment of the structure.

It is important to note that the condition of a dam depends on nume-
rous and constantly changing internal and external conditions, and

is evolutionary in nature. It would be incorrect to assume that the
present condition of the dam will continue to represent the condition
of the dam at some point in the future. Only through continued care
and inspection can there be any chance that unsafe condition be de-
tected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established Guidelines,
the Spillway Test flood is based on the estimated "Probable Maximum
Flood" for the region (greatest reasonably possible storm runoff), or
fractions thereof. Because of the magnitude and rarity of such a
storm event, a finding that a spillway will not pass the test flood
.should not be interpreted as necessarily posing a highly inadequate
condition. The test flood provides a measure of relative spillway
capacity and serves as an aide in determining the need for more detail-
ed hydrologic and hydraulic studies, considering the size of the dam,
its general condition and the downstream damage potential.
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PHASE T INSPECTION REPORT
LAKE WAUKEWAN DAM  NH 00306

SECTION 1
PROJECT INFORMATION

1.1 General ,

' a. Authority. Public Law 92-367, August 8, 1972, authorized

the Secretary of the Army, through the Corps of Engineers, to initiate
| a_nationa] program of dam inspection throughout the United States. The
New England Division of the Corps of Engineers has been assigned the
responsibility of supervising the inspection of dams within the New
" England Region. HARRIS-ECI ASSOCIATES has been retained by the New
England Division to inspect.and report on selected dams in the State
of New Hampshire. Authorization and notice to proceed was issued to
HARRIS-ECI ASSOCIATES under a letter of June 7, 1978 from Ralph T. Garver,
Colonel, Corps of Engineers. Contract No. DACW 33-78-C-0305 has been
assigned by the Corps of Engineers for this work.

'b.  Purpose
(1) Perform technical inspection and evaluation of non-
Federal dams to identify conditions which threaten the public safety
and thus permit correction in a timely manner by non-fedefal interests.

(2) Encourage and assist the States to 1n1t1ate quickly
effect1ve dam safety programs for non-federal dams.

(3) To update, verify and complete the National Inventory
of Dams. '



1.2 Project Description

a. Location | '
Lake Waukewan Dam is located on the grounds of the Amatex Corp. in the
Town of Meredith, Belknap County, New Hampsire. The facility is located
between Lake Waukewan and Lake Winnipesaukee, east of Main Street and
North of Dover Street. LakeWaukewanis a tributary to Lake Winnipesaukee
and part of the Merrimack River primary drainage basin.

' b. Description of Dam and Appurtenanées _

Lake Waukewan Dam is a man-made outlet facility between Lake Waukewan
and Lake Winnipesaukee that was used formerly for power generation but
has not been used for that purpose since 1954. There is no actual dam
or impounding structure connected with the facility: instead Lake Wauke-
wan, a natural lake, was used as the reservoir. No plans or drawings
“are on file for any part of this facility. Reference is made to Drawing
2 which shows the schematic tayout of the scheme as made on the visual
inspection. The natural outlet of Lake Waukewan is Corliss Brook but
its outlet channel has been effectively blocked by a road and other
parts of its natural channel have been filled by private interests,
apparently with the tacit approval of the Town.

The present facility was constructed in 1904 and consists of an intake
canal approximately 700-foot long and about 20-foot wide running from
Lake Waukewan to a point some 60 feet west of Main Street. At this
point, a concrete culvert said to be 6 x 6 feet in d{mension connects’
the water to 6-foot diameter steel conduit and from there to a surge
and overflow structure. Flow in the conduit and penstock can be shut-
off by means of a manually operated timber sluice gate. The surge

and overflow structure was used as the inlet to the penstock of a
hydraulic turbine and served as a surge overflow facility at load re-
jection and-as the regulating weir controlling the level of Lake



Waukewan when power was not being generated. The penstock inlet was
walled off in 1976 when the surge and overflow structure was remodeled
to increase its overflow capacity. As of now the total overflow weir
length is only 11.25-foot Tong with a permanent crest elevation of
1.80 feet below the nominal lake level of Elevation 539.0.

The surge and outlet structure is located on Amatex Corporation property
and discharges into an outlet channel. The channel runs down asteephill-
side alongside and below adjacent Amatex mill buildings,discharging into Lake
Winnipesaukee some 200 feet to the east of and 35 feet below the surge

and outlet structure. There are no other buildings nearby or affected

by the outlet channel.

Lake Waukawan has a surface area of 947 acres and impdunds 20,540 acre-
feet of water derived from a tributary drainage area of 12.54 square
“miles.

_ c. Size Classification

According to the "Recommended Guidelines of the Safety Inspection" by
U.S. Department of the Army, Office of the Chief of Engineers, the facil-
ity is classified in the size category as being "Intermediate" since its
storage is more than 1,000 acre-feet, but less than 50,000 acre-feet.
Since there is no dam, its size.is not classifiable in the usual manner.

The overall size classification is based on the storage capacity alone,
and accordingly the facility is classified as being "Intermediate" in
size.

d. Hazard Classification
The facility has been classified as having a High Hazard Potential in

the Inventory of Dams compiled by U.S. Army Corps of Engineers on the
basis that excessive damage could occur to downstream property in the



event of failure of the facility and its appurtenances, together with
the possibility of losing more than a few lives. This inspection con-
curs with the assessment on the basis that the facility impounds a very
large volume of water, and that at present Lake Waukewan has its natural
outlet blocked off, and relies solely on the artificial outlet created
by the former power waterway to regulate lake levels. The outlet _
capacity of the Amatex Corporation waterway is very inadequate to accom-
modate and pass along flood inflows into Lake Waukewan and could pose

a threat to downstream mill property and to mill employee's 1ife in
case of a very large storm inflow event.

e. Ownership
Lake Waukewan Dam is owned by the Amatex Corporation of Meredith, New

Hampshire.

f. Operator
Lake Waukewan Dam is operated by the Amatex Corporation, Daniel Webster

Highway, Meredith, New Hampshire.

g. Purpose of Dam

The facility at present'is only used to regulate the level of Lake
Waukewan although in former times, up to 1954, it was used to generate
power for wmill operation purposes.

h. Design and Construction History ,
No records exist for the design and construction history. The facility
was built in 1904, according to available documentation, and was used
for the next 50 years for mi1ll power generation. Lake level regulation
was incidental to power generation and the various mill owners undertook

this task as pakt of their normal operations. In 1954, the power gene-
ration at the site ceased, but the regulation of the lake level has
continued by the mill owner. As a result of the active regulation of



the lake by the various mill owners, the natural outlet of Lake Waukewan
fell into disuse and the conveyance capacity of its natural channel has
been seriously impaired by the construction of a town road crossing its
channel at the lake rim and by filling operations along its channel
length by a lumber company. As a result, the natural outlet, called
Corliss Brook has no significant capacity to pass flood water inflows
from Lake Waukewan to Lake Winnipesaukee, and the entire hydraulic
conveyance capacity'between both Takes is now at Lake Waukewan Dam.
After power generation ceased, the power penstock flow was no longer
available as part of the hydraulic conveyance, and accordingly the

N.H. Water Resources Board (NH-WRB)} ordered the owner to increase

the capacity of the overflow weir section. - The reconstruction of

the surge and overflow structure was completed in 1976. The main
feature of this work was to Tower permanent overflow crest by 18 in.
and the relining of the interior of the structure with a reinforced
concrete wall which permanently blocked off the power pennstock.

i. Normal Operating Procedures = |
At present, the level of Lake Waukewan is being regulated by the

Amatex Corporation by means of stop planks in the surge and overfiow
structure. The normal lake level is being maintained at Elev. 539+
in the summer time,and 15 to 22 inches Tower in the winter time,
corresponding to 3 stop planks in place at the outlet structure weir
in the summer time and zero to one stop planks in the winter.



1.3 Pertinent Data

- &. Drainage Area

b. Discharge at Dam Site:

Maximum known flood at dam site:

Wayrm watér outlet at pool
elevations:

Diversion tunnel low boo1
outlet at pool elevation:

Diversion tunnel outlet at
pool elevation:

Gated spillway capac1ty at
pool elevation:

Gated spiliway capacity at
maximum pool elevation:

Ungated spillway capacity at
maximum pool elevation:

Total spiilway capacity at
maximum pool elevation:

12.54 square miles

{ Volume unknown, occurred on 7/4/78.
{ Lake level rose 3 ft. above normal.

NA
NA
NA
NA

NA

530 cfs, all stop planks removed

530 cfs, all stop planks removed

c. Elevation (Feet above MSL)

. Top ofvgam

Maximum pool design surcharge:
Full ‘flood control pool:
Recreation pool:

Spillway érest:

Upstream porté] invert diversion
tunnel:

Downstream at centerllne diver—
sion tunnel:

'Streambed at centerline of dam:

Maximum tailwater:

Not applicable, no dam exists. Minimum
Take rim Tevel est1mated at 543.08

Elev. 543. 08
NA

Elev. 539

( Permanent ¢rest 537.20 of overflow
{ structure .

NA
NA

NA

Normal Tevel of Lake Winnipesaukee
Elev. 504.0
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d. Reservoir
Length of maximum pool:
Length of recreation pool:
Lengfh of flood control pool:
e. Storage (acre-feet)
Recreation pool: |
Flood control pooil:
Design surcharge:

Top of dam:

2.76 miles
2.76 miles
NA

20,542
NA
24,500
NA

f. Reservoir Surface {acres)

Top of dam:
Maximum pool:
Flood control pool:
Recreafion boo1:
Spiliway crest:

| g. Dam
Type: |

Length:
Height:
Top width:

. Side Slopes - Upstream:
- Downstream:

Zoning:
Impervious core:
Cutoff:

Grout curtain:

N Vet N M Nt e’ et e Tl et et et e

NA
1,003 .(Elev. 543.0)
NA

947  (Elev. 539.0)
947 (Elev. 539.0)

No dam exists at the site, the
‘former power waterway is used
presently for lake level
regulation '



h.  Diversion and Requlating Tunnel

Type:

Length:

Cliosure:

Access:

Regulating facilities:
i. Spillway

Type:

Length of weir:

Crest elevation:

Gates:

~U.S. Channel:

'B/S Channel:

3. | Regulating Qutlets

Low Tevel outlet:
Controls:

Emergency gate:

Outlet:

A
NA

NA

NA
NA

Surge overflow structure
11.25 feet

537.20 permanent concrete c?esf plus
4 flashboards, each 7 1/2 in. high

None ‘ :

6-foot diameter penstock

Outlet chute channel, masonry

construction

None
None

Timber s1uice.gate in power waterway,
manually operated under balanced head
conditions -

6-foot diameter -penstock



SECTION 2
ENGINEERING DATA

2.1 Design

There are no plans for any part of this facility,whether for pafts-bui1t
originally in 1904 or sections reconstructed .in 1976. A reconnaissance
sketch of the schematic layout of the facility is shown on Drawing 2.
There is no design information available on the subsurface conditions
along the outlet water waterway.

No information is available on the hydraulic capacity of the rebuilt
surge and overflow structure as it stands today, although computations
for a previously considered modification are in the files of N.H. Water
Resources Board (NH-WRB). '

No information is available for the hydrologic basis of the original

power waterway design and the lake level regulation capability of.
that design.

No information is available on the structural design of the various compo-
nents of the facility. The location of interface between the concreteconduit.
and the steel penstock cannot be identified in the field. The exact
location and dimensions of the power waterway cannot be verified from
any documented source or any physical evidence on the ground.

2.2 Construction

No data of any kind has been recovered on the construction of the
facility.



2.3 OQperation

No data has been recovered on the operation of the facility insofar as
reguiation of the Take level. The lake 1eve1 has risen to approx.IB ft.
above its nominal level in 1933, 1936 and 1973. The 1973 event appa-
rently was the most severe, in that outflows from the surge and over-
flow structure weir overtopped the small retaining wall at the top of the
chute outlet channel and threatened to undermine the foundations of the
adjacent Amatex mill buildings as well as the outlet structure itself
and its outlet chute channel.

2.4 Eva1uation-

a. Availability _
Engineering data and documentation of the physical features 6f Lake
Waukewan Dam are virtually non-existent. A program of data acquisition
and documentation is required.

b. Adequacy
The lack of in-depth engineering data did not allow for a definitive
review. Therefore, the adequacy of this dam could not be assessed from
the standpoint of reviewing design and construction data, but is based
on visual inspection, past performance history and sound engineering
Jjudgment.

c. Validity
Available data in the form of inspection reports and dam records in
the files of the NH-WRB are inconsistent and need to be reassessed and
evaluated against an actual record set of as-built drawings and details.
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SECTION 3
VISUAL INSPECTION

3.1 Findings

a. General _
Lake Waukewan Dam is in fair physical condition after a rehabili-
ration complieted in 1976. Although a significant part of the waterway
could not be inspection due to prevailing head water conditions, the
operable portions, such as the sluice gate and stop planks appeared
to be 1in acceptable working condition.

b.  Dam
There is no dam associated with this facility.

c. Appurtenances (refer to Drawing 2)
The appurtenant structures that make up the waterway of this facility
are: '

(1) The intake canal intake structure and intake culvert
section. '

(2) The penstock section including the sluice gate house.
(3) The surge and overflow structure.
(4} The outlet chute channel.

Intake Structure and Intake Culvert Section. The intake structure
is at the end of a 760-ft. long intake channel which is approx. 20-ft. wide
and 6.5-foot deep. The channel is apparently man made and leads off a
narrow bay of Lake Waukewan adjacent to Water Street. The intake canal

1



at places was lined with brush and trees, but the vegetation probably
does not affect its hydraulic conveyance capacity. At the end of the
" canal, some 60 feet east of Main Street, a concrete intake structure
has been built. The intake is a widened section of the intake culvert,
and the mouth of the intake is guarded by a'wooden trash screen with
bars spaced about 6 inches on centers vertically. The intake leads
to a concrete culvert said to be 6 feet by 6 feet in dimension which
could not be inspected. This concrete culvert passes under the build-
ing fronting on the west side of Main Street, and then crosses Main
Street itself. The condition of the conduit is deteriorated according
to town officials interviewed during the inspection, and is thought
to be the source of leakage water within the bed of Main Street. On
the west side of Main Street, the concrete conduit is terminated at
an undefined point and the waterway continues in a 6-foot diameter
metal penstock pipe. |

Penstock Pipe. No part of the penstock.pipe was visible of
accessible for inspection since it runs underground at an undefined
-location. The general path of the pipe is westward toward the Amatex
Corp.. plant. In the parking lot of the Amatex Corp. a gate house has
been built, housing a timber gate whose function is to cut off the water
flow in the penstock for the maintenance of downstream‘portions. The
gate is not considered an emergency structure, since it cannot be quick-
ly lowered against fldwing-water. The invert of the waterway is believed
to be approximate]y 8 feet below the top of the ground at the gate
house.

The gate itself is constructed of timber and has two 8 in. x 12 in.
timber gate étems.' Both stems are used in raising or lowering the gate.
Each stem has a cast iron rack spiked to it. These racks are driven

by two pihion gears whichlare both keyed to the same shaft. On each
end of the shaft, there is a hub with a number of sockets into which

12



a lever can be placed. Two men, one at each hub, operate the gate.
In addition, there is a ratchet and pawl at each end of the pinjon
shaft which can be used to lock the gate in any desired position.

There is a one-foot diameter shear gate installed on the upstream
face of the sluice gate. This shear gate is used to flood the down-
stream portion of the penstock pipe leading to the stop log structure
- after dewatering for maintenance. In this manner, the differential

- 'head across the sluice gate is eliminated and the effort required to

raise the gate is reduced. The gate appeared to be in satisfactory
operating condition, having been rebuilt in 1976. '

The gate house walls are of reinforced concrete construction. No
leakage water or wet ground conditions were observed at the gate house
structure. The gate house superstructure was of wood construction with
siding and has a conventional roof covered with asphaltic sheet roofing
material. The gate house was in acceptable condition.

Surge and Overflow Structure. The waterway reach between the
gate house and the overflow structure is also a buried 6-foot diameter

steel penstock according to information received from the owner's re-
presentatives. This reach was not visible or accesible for inspection. .
No traces of ground seepage could be detected visually that could be
attributed to the pipe. The surge and overfiow structure is of con-
crete construction and used to serve as a surge facility during turbine
load rejection, and as an overflow facility when the turbine was shut-
down or when inflows exceeded turbine's water demand. The concrete
structure was relined on the inside with a 15-inch facing layer of
concrete during the 1976 rehabilitation of the facility. The inside
“resurfacing has permanently blocked off the 6-foot diameter power
penstock leading to the hydraulic turbine at the mill. Some of the
outside surfaces of the surge and overflow structure are in a cracked
~and deteriorated condition, but no immediate corrective action is re-
quired at this time since the inside surfaces have been relined.
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At the same time as the relining work was completed, the permanent
spillway crest was lowered to a point 1.5 feet below the normal level
of Lake Waukewanand a three bay stop plank section was added above the
permanent crest. The stop log planks are supported by steel angle
supports at the wall ends,and by intermediate structural steel beams
in between. The vertical steel beams are in very good condition.

The stop planks are also considered in good condition although some _'
planks deflected visibly under the water pressure. "No action is re-
quired now,but if the deflection becomes sufficient to cause signi-
ficant leakage between planks, the planks should be replaced.

At the time of the inspection, three stop log planks were in place
in each of the three bays, and 6 inches of water was flowing over
the top of the planks. The 1oss of head in the waterway from the
intake to the stop planks was estimated at one inch.

Qutlet Channel Chute. The water passing over the stop planks
of the surge and overflow structure passes into a narrow chute channeil
that :drops steeply down a hillside siope. The channel is variously
pitched and has drops of several feet between sections. The construc-
tion is mainly masonry walls and masonry or grouted stone bottom, but
there are concrete paved and formed sections as well. The entire
drop .is estimated at 35 feet. At the bottom of the slope, the outlet
channel is widened to accommodate the turbine taiirace. The widened _
channel passes under an Amatex mill building and U.S. Route 3 in a con-
crete culvert before entering Lake Winnipesaukee, the receiving body.
The chute wall adjacent to the surge and overflow structure was rebuilt
and raised in the 1976 reconstruction to prevent a spillover condition
at high discharges that threatened the safety of the Amatex building
during the 1973 flood event. '
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The entire chute channel and walls are in accéptabTe condition; how-
ever, the hydraulic performance during high flow conditions cannot
be evaluated due to lack of configuration data.

. Geologic Setting. The entire waterway facility is believed to
be founded on either a bouldery ground moraine or granite bedrock.

No exposures of subsurface material occur in Meredith adjacent to the
facility.

d. Reservoir
The reservoir rim is generally flat to moderately sloping for the
first 5 to 6 feet above the full lake level and moderately sloping
above that. The lake rim is naturally wooded, with local clearings
where summer cottéges or residences have been constructed. No signs:
of reservoir rim instability could be visually detected.

e. Downstream Channel

The downstream channel is a very short open channel leading from
the culvert exit on the west side of U.S. Route 3 to Lake Winnipe-
saukee. There are no obstructions or residences in this reach.

3.2 Evaluation

The overall physical condition of the facility is judged fair for the
portion that could be visually inspected. The intake culvert and steel
penstock could not be inspected and no evaluation of their condition is
possibie. The owner should review his records and files of the 1976
reconstruction for possible condition reports of these structures or
obtain reliable eyewitness statements from personnel present at that
time. ‘
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SECTION 4

OPERATIONAL PROCEDURES

4.1 Procedures

Lake Waukewan Dam is currently operated solely for the purpose of regu— ‘
lating the level of Lake Waukewan. The regulation of the lake is carried =~
out by the personnel of the Amatex Corporation, the owners of the facil- '
ity. The facility is not the natural outlet of Lake Waukewan. The
natural outlet of Lake Waukewan is Corliss Brook, located one half mile
south of the Lake Waukewan Dam near the intersection of Waukewan Street
and Railroad Avenue. The channel of Corliss Brook has been partially
blocked by the reconstruction of Waukewan Avenue in 1922. Downstream
parts of the natural brook channel have been filled in by a lumber
company.- As a result, the natural outlet plays no role in regutating
Lake Waukewan surface levels or in conveying water from Lake Waukewan
to Lake Winnipesaukee, the receiving body. '

The Tevel of Lake Waukewan is maintained at or near Elevation 539.0
in the summer months and the lake is drawn down 22 to 30 inches below
. the summer level in the winter months to minimize ice damage and to
“provide storage for spring-time snowmelt inflows. '

4.2 Maintenance of the bam

Maintenance of the facility is carried out on an as-needed basis by
personnel of the Amatex Corporation. '

4.3 Maintenance of Operating Faéilities

At the time of inspection, the facility appeared to be adequately main-
tained. The trash rack at the inlet was free of debris, the sluice
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gate was adequately protected inside the gate house and the outlet -
channel chute was free of obstructions and debris. Maintenance is
provided on an as-needed basis by the owner.

4.4 Description of any Warning System in Effect

There is no warning system in effect. The outlet channel chute is on
the property of the Amatex Corporation, in the immediate vicinity of
the facility. The only property not belonging to Amatex is the short
reach of the outlet culvert under U.S. Route 3 and the short connecting
channel to Lake Winnipesaukee.

4.5 Eva]uation_

The operational procedures at the facility are simple fitting in with
the simple facilities involved. In Tine with greater public interest
in dam safety, the owner should institute a bi-annual dam inspection
utilizinga simplified version of the visual check list used in this in-
spection report. The reports should be kept on permanent file. Main-
tenance schedules should be drawn up and all visits to the facility
should be logged in a permanent record, whether for maintenance or
operation.
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SECTION 5

HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. Design Data .
The evaluation of the hydraulic and hydrologic features of Lake Waukewan

Dam was based on criteria set forth in the Corps' Guidelines for Phase
1 inspections, and additional guidance provided by the New England Div-
ision, Corps of Engineers. The Probabe Maximum Flood (PMF) was esti-
mated from guide curves for probable maximum flood for New England
region, based on past Corps' studies. The PMF peak versus drainage
area curves are presented in the section of hydrologic computationsﬁ

. The PMF curve applicable for rolling areas was adopted for the estimation
of the PMF peak of the reservoir. The PMF versus drainage area relation-
ship can be expressed mathematically as follows:

Q = 2323 ~ 676.99 Ldg 10 A
® = axa
where:

Q - ' Unif peak discharge in cfs, square mi]es

Qp = Peak PMF dfscharge, in cfs, for the wafershed of the
dam | . .

A = Na;ershed area, in square miles, upstreém of the dam
axis. . _
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The computed peak discharge of the PMF for a drainage area of 12.54 |
square miles using the above equation is 19,806 cfs. A triangular
shaped flood hydrograph was assumed for the inflow design hydrograph.

The PMF inflow hydrograph was routed through the reservoir by the
modified Puls Method, utilizing computer program HEC-1. The peak out-
flow discharge for the PMF is 9,796 cfs. The PMF results in overtopping
of the Take rim.

The overtop discharge rating curve was developed by assuming an overflow
section 300-foot long with a top elevation of 543.08. This corresponds
physically to the intake canal bank reach upstream of the intake struc~-
ture. The canal bank. would overflow and discharge lake water into
Main Street at times of high levels caused by large lake inflows. There
could also be other lake rim reaches where lake water might overflow
such as at the natural outlet in the vicinity of Railroad Avenue. No
detailed survey information was available to delineate other potential
natural overflow areas along the Take rim. '

The reservoir. stage-capacity curve was constructed using comparisons
of both dam inventory data and planimetered areas, measured from 15
minute quadrangle topography maps. Reservoir storage capacity included
| surcharge levels exceeding the rim of the lake at the intake canal. 1In
the routing computations, the discharge through outlet facilities was
excluded on the basis that its capacity was insignificant in comparison
with the PMF. The overtop discharge rating curve and the reservoir
capacity curve are presented in the section of hydrologic computations.

b. Experience Data

The most recent severe rainstorm occurred on July 4, 1973, and raised
the lake level 3 feet above normal, not enough to top thebanks of the
intake canal. At that time, the surge and overflow structure permanent
crest was 18 inches above its present level, and the resulting large
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flow out of the surgeand overflow structure jumped over the training

wall of the outlet chute channel and started to erode the hillside
adjacent to the Amatex mill buildings. The flow was brought under
control by sandbagging the area around the surge and overflow structure
and re-training theflow toward the outlet channel. Other high flow -
events occurred in 1933 and 1936 according to records in the files

of the NH-WRB. |

c. Visual Observations

The spiliway outlet channel is very narrow with relatively low

masonry walls. The hydraulic capacity and energy dissipation proper-
~ties cannot be assessed without a detailed pkofi]e along its length.
The intake canal rim can act as an auxiliary spillway, routing lake
flows into and down Main Street adjacent to it. The hydraulic capacity
of the surge and overflow structure is very Timited and the intake
structure could be subject to clogging at critical times.

d. Overtopping Potential
As indicated in Section 5.1.a., the PMF,when routed through Lake Waukewan
results in overtopping of the lake rim at the intake caral surcharge
-capacities are too small to accommodate the peak flow. The PMF overtopped
the lake rim-by 4.9 feet. This figure is indicative only and must be modi-
fied on the basis of a more accurate survey of reaches of thelake rim sub-
ject to overtopping during high lake levels. According to the Recommended '

Guidelines for Inspection of Dams by the Corps of Engineers, the lake
should have an outiet capable of handling the PMF. The questionof whether
the outlet capacity should be at the Lake Waukewan Dam facility owned

by Amatex Corporation or at the formal natural outlet at Corliss Brook
cannot be answered within the scope of this investigation. At present
the Lake Waukewan has inadequate outlet discharge capacity. The exist-
ing surge and overflow structure has a capacity of approximately 5 per-
cent of the PMF before overtopping of the lake rim occurs.

No dam break caiculations were performed since there is no artificial
impounding structure associated with the facility.
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SECTION 6

STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. VYisual Observations .

“The present condition of the facility suggests a stable structure to
all outward appearances. Allegations that the intake culvert is leak-
ing could not be verified visually, and should be further investigated.
if strong evidence of leakage is present. The outlet channel chute
has a very limited waterway cross section and could be subject to-over-
topping and undermining during targe lake outflows. This channel, how-
ever, has withstood all flows since the facility was opened for operation
in 1904. It should be noted that the 1976 reconstruction markedly in-
creases the possible flows in this channel, and its stability and
hydraulic action should be reviewed together. '

b. Design and Construction Data

No design or construction data was uncovered that would perMit the
evaluation of stability of the facility. '

c. Operating Records
Even though the facility is changed from the configuration standing
during the 1973 flood, the performance at that time casts some doubts
on the ability of the surge and overflow structureto survive a PME
event. Questionable conditions relate to the foundation of the surge
and overflow structure and its possible loss due to progressive
slope erosion downhill of the structure. h
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d. Post Construction Changes _
The 1976 rehabilitation improved the ability of the facility to prevent
lake rim overtopping during medium frequency storm events. The modifi-
cation of the surge and overflow structure increased the conveyance

- capacity of the entire waterway to make up for the Toss of conveyance

by the permanent walling off of the power penstock, The increased
‘discharge capacity of the surge and overflow structure might overtax
the hydraulic capacity of the outlet channel chute.

e. Seismic Stability
The dam 1is located in Seismic Zone 2 and, in accordance with the

Recommended Phase I Guidelines, does not warrant seismic analyses.
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SECTION 7

ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

7.1 Dam Assessment

a. Condition . |
The overall physical condition of Waukewan Lake Dam is fair as a result
of its modification completed in 1976. The facility has an inadequate
outflow capacity amountiﬁg to approximately 5 percent of the spillway
Design Flood (SDF) for this watershed,which in this case is the
Probable Maximum Flood (PMF).  The spillway discharge‘capacity has
been estimated by current Corps of Engineers screening criteria, and
the owner should determine the spillway capacity by more sophisticated
and accurate methods and procedures. '

b. Adeguacy of Information ,
The lack of in-depth engineering data did not allow for a définitive
review. Therefore, the adequacy of this dam could not be assessed from
the standpoint of reviewing design and construction data, but is based

primarily on visual inspection, past performance history and sound en-
gineering judgment.

C. Urgency .
The urgency of performing the recommendations and remedial measures are

detailed below.

d. Need for Additional Investigations
There is no need for further investigations in this phase of the pro-
gram, Recommended investigations to be carried out by the owner are
Tisted below.
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7.2  Recommendations

It is recommended that the owner, within 12 months after receipt of
- this Phase 1 Report, assemble the following information, if the data
can be found: '

a. Data Acquisition

(1) An updated as-built set of drawings of the facility showing
all pertinent details of the complete waterway from the head of the
inlet canal to the outlet at Lake Winnipesaukee.

(2) A topographic survey of the overbank area of the inlet canal
should be part of the survey. The area around the natural outlet of
the lake should also be topographically surveyéd. A1l topographic and
condition surveys should be tied into a common U.S.G.S. datum system.

(3) The foundation conditions along the waterway should be
determined and depth to bedrock indicated where less than 10-foot deep.

b. Investigations

Determine the spillway capacity of the dam using more sophisticated and
accurate methods than were used in the Phase I screening methodology
employed in this report. These studies should include the vouting of
the inflow through the lake, based on the accurate elevation of low
lying lake rim areas that could act as overflow sections during high
lake levels. ' '

Reevaluate the hydrau11c'capacity of the outlet chute channel at the
Spillway Design Flood (SDF) discharge conditions and reassess the
possibility of undermining this part of waterway ard the adjacent surge
and overflow structure at SDF discharges.
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It is also recommended that the owner formulate a plan for conveying
the SDF from Lake Waukewan to Lake Winnipesaukee utilizing the Lake
Waukewan Dam conveyance, and other possible conveyance routes.

Based on the results of the spillway capacity analyses, the owner
should formulate plans for augmenting the Lake Waukewan spiliway

capacity, if shown necessary.

7.3 Remedial Measures

a. Alternatives

The alternatives available for augmenting the outlet capacity of Lake
Waukewan are as follows: I

(1) Increase the outlet capacity at Lake Waukewan Dam owned -
by Amatex Corporation. '

{2) Restore the outlet capacity at Corliss Brook.
(3) Develop a new outlet for Lake Waukewan at a third site.

(4) Seasonally lower the level of Lake Waukewan to provide addi-
dional storage for large infliows.

(5) Use a combination of all four alternatives Tisted above.

Based on the final formulated plan for conveyanée of the SDF between
Lake Waukewan and Lake Winnipesaukee, the owner should review the ade-
guacy of the Lake Waukewan Dam to safely convey its stipulated share
of the total flow requirements. ' o
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b. 0&M Maintenance and Procedures .
The owner should initiate the following programs:

(1} A bi-annual inspection of the dam utilizing a visual
check list similar to that used in this inspection report.

(2) Set up a maintenance schedule and log all visits to the
dam for operation, repairs and maintenance.

(3) Assemble and keep on hand complete documentation of the
dam design, as-built drawings, and any other data pertaining to the
dam safety.

(4) The owner should establish a formal system with local
officials for Warning downstream residents in case of emergency.
Round the clock surveillance should be provided by the owner during
‘periods of unusually heavy precipitation. '
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APPENDIX A~

CHECK LISTS: - VISUAL OBSERVATIONS

- ENGINEERING, CONSTRUCTION
MAINTENANCE DATA

- HYDRAULIC AND HYDROLOGIC DATA
ENGINEERING DATA



- CHECK LIST
VISUAL INSPECTION

. PHASE 1
Name Dam __ LAKE WAUKEWAN DAM County Belknap State New Hampshire Coordinators
Date(s) Inspection_ June 6, 1978 Weather  Sunny Temperature _ 75°F
Pool Elevation at Time of Inspection 539.6 % M.S.L. Tailwater at Time of Inspéction 504.0% M.S.L.
Inspection Personnel: _
Seymour Roth Lynn Brown
David Kerkes ‘ : William F]ynn

Yin Au-Yeung
Recorder: Seymour M, Roth

Representing the Owner: Mr. Fred Copp, Amatex Corporation

Also interviewed: Mr. Donald Jutton, Town Manager, Town of Meredith
- Mr. Harold Wyatt, Selectman, Town of Meredith



VUNURLIE/PIRSUNRT  DAMS

VISUAL EXAMINATION OF

OBSERVATIONS

REMARKS AND RECOMMENDATIONS

SEEPAGE OR LEAKAGE

Note: There is no dam associated with this facility.

STRUCTURE TO NA
ABUTMENT /EMBANKMENT
JUNCTIONS

DRAINS NA
WATER PASSAGES - NA
FOUNDATIONS

NA




P L L

REMARKS OR_RECOMMENDATIONS

VISUAL EXAMINATION OF

OBSERVATIONS

SURFACE CRACKS
CONCRETE SURFACES

NA

STRUCTURAL CRACKING

NA

VERTICAL & HORIZONTAL
ALIGNMENT

NA

MONOLITH JOINTS

NA

CONSTRUCTION JOINTS

NA




EMBANKMENT

VISUAL EXAVINATION OF

“OBSERVATIONS

REMARKS OR _RECOMMENDATIONS

- SURFACE CRACKS

NA

UNUSUAL MOVEMENT OR
CRACKING AT OR
BEYOND THE TOE

NA

- SLOUGHING OR EROSION
OF EMBANKMENT AND
ABUTMENT SLOPES

NA

VERTICAL & HORIZONTAL
ALIGNMENT OF THE
CREST

NA

RIPRAP FAILURES

NA




ks Ihry TaUB AR TamE Y

VISUAL EXAMINATION OF

OBSERVATIONS

- | REMARKS QR RECOMMENDATIONS

JUNCTION OF EMBANK- NA
MENT AND ABUTMENT,

SPILLWAY AND DAM

ANY NOTICEABLE NA
SEEPAGE

STAFF GAGE AND NA
RECORDER

DRAINS NA




QUTLET WURKY

VISUAL EXAMINATION OF

OBSERVATIONS

REMARKS & RECOMMENDATIONS

CRACKING & SPALLING
OF CONCRETE SURFACES
IN OUTLET CONDUIT

T. Some of the exterior surfaces of the surge and spillway shaft
are cracked. The interior surfaces have been resurfaced with
a layer of reinforced concrete.

2. The surfaces of intake concrete structure are in acceptab]e
condition.

3. Exterior surfaces of the gate house were 1in acceptable condition

4, The interior surfaces of the gate house and the intake con-
duit could not be inspected.

No action required.

INTAKE STRUCTURE

The intake structure consists of a widened section of a concrete
conduit approximately 6 ft.-6 in. deep by 13.5 ft. wide Teading
to the 6 X 6-Tt. concrete conduit under a house fronting on Main
Street. The intake is protected by a wood trash rack with bars
arranged vertically on 6 in. centers. The. intake structure is
at the end of 15-20 ft. wide canal Teading in from Lake Waukewan.
At a point east of Main Street, the 6 x 6 ft. culvert changes to
a 6 ft. diameter penstock pipe. The penstock is controlled by a
timber sluice gate. A1l visible portions of the intake were in
acceptable condition.

QUTLET STRUCTURE
(SURGE I OVERFLOW
STRUCTURE)

The outlet structure has been relined internallywith new concre-
te but the outside upstream end is cracked. Three stop plank
sections control the level of Lake Waukewan. The stop planks
and guides are in good condition.

OUTLET CHANNEL

The outlet channel is very steep and narrow dropping some 35 ft.
on about 70 ft. horizontally. The upper part, adjacent to the
surge overfiow structure is protected by a 4.5 ft. high splash
wall. The chute walls are in acceptable condition, constructed
of varijous types of concrete and_masonry.

EMERGENCY GATE

The emergency gate is in the reach between the canal intake and
the surge and overflow structure. The gate is of timber construc-
tion with a double timber stem., The stems have a cast iron tooth-
ed rack bolted to them. The gate is 1ifted manually be means of
of pinch bars and pawls, one tooth at a time. The timber sluice.

gate and all appurtenances are new and in good working condition.




VTSUAL EXAMINATION OF

REMARKS AND RECOMMENDATIONS

OBSERVATIONS
CONCRETE WEIR NA
APPROACH CHANNEL NA
DISCHARGE CHANNEL NA
NA

BRIDGE AND PIERS




WA T W & laimrrr g

VISUAL EXAMINATION OF OBSERVATIONS REMARKS AND RECOMMENDATIONS
CONCRETE SILL NA ' '

APPROACH CHANNEL NA

DISCHARGE CHANNEL NA

BRIDGE:AND PIERS  NA-

GATES & OPERATION ﬁA

- EQUIPMENT




-

VISUAL EXAMINATION OF

OBSERVATIONS

REMARKS AND RECOMMENDATIONS
MONUMENTATION/ NA . .
SURVEYS
OBSERVATION WELLS NA
WEIRS NA
. PIEZOMETERS NA
OTHER NA



RESERVOIR

-~ VISUAL EXAMINATION OF

_OBSERVATIONS

REMARKS AND RECOMMENTATIONS

SLOPES

Lake Waukewan shore line is moderately sloping to
flat and wooded except where locally cleared for

residences. No instabiiity of the shore line slopes’

could be detected.

SEDIMENTATION

Some Sedimentation is visible in the inlet cana)
but not enough to affect hydrological or hydraulic
parameters.
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DUWND FREAPM LITANNEL

VISUAL EXAMINATION OF

OBSERVATIONS

REMARKS AND RECOMMENDATIONS

CONDITION
(OBSTRUCTIONS,
DEBRIS, ETC.)}

Very steep man made channel between surge and overflow
structure and Lake Winnipesaukee, the receiving body.
Chute bottom is concrete, walls are masonry or con-
crete. The chute masonry and concrete are inacceptable
condition. .

SLOPES

Part of the channel slopes are extremely steep,] on 2
vertical.

APPROXIMATE NUMBER
OF HOMES AND
POPULATION

Two Amatex mill buildings are located downstream of
the surge and overflow structure; one is alongside

the downstream channel, the other over the channel

at the bottom of the slope.




LHELK L4D)
ENGINEERING DATA
DESIGN, CONSTRUCTION, OPERATION

TTEM

REMARKS

PLAN OF DAM
REGIONAL VICINITY MAP
CONSTRUCTION HISTORY
TYPICAL SECTIONS OF DAM.
HYDROLOGIC/HYDRAULIC DATA
PLAN

DETAILS
CONSTRAINTS

_ DISCHARGE RATINGS
_ RAINFALL /RESERVOIR RECORDS

OUTLETS

t

e M N N N t?

Not available. No dam aétua11y exists.
Available

Available

- Not avaijlable

Some aﬁai]ab]e_in N.H. Water Resources Board files

Not available

Data on rebuilt overflow weir capacity is available

Some data avai1éb1e in N.H, Water Resources Board files

zl



VIR VI e

ENGINEERING DATA
DESICN, CONSTRUCTION, OPERATION
(continued)

ITEM

REMARKS

DESIGN REPORTS
GEOLOGY REPORTS

DESIGN COMPUTATIONS
HYDROLOGY & HYDRAULICS
DAM STABILITY :
SEEPAGE STUDIES

" MATERIALS INVESTIGATIONS
BORING RECORDS
LABORATORY

FIELD

. POST-CONSTRUCTION SURVEYS OF DAM
" BORROW SOURCES

SPILLWAY PLAN - SECTIONS
- DETAILS

ottt S e et

Not available

Not available

Not availabie
Some outlet weir computations are available

% Not available

Not available

None performed

Not applicable

)

} Not available

€l



Wik wly fedw )

ENGINEERING DATA ,
DESIGN CONSTRUCTION, OPERATION 7
(cont1nued)

ITEM

REMARKS

OPERATING EQUIPMENT -
PLANS AND DETAILS

MONITORING SYSTEMS
- MODIFICATIONS

HIGH POOL RECORDS

POST CONSTRUCTIbN ENGINEERING

STUDIES AND REPORTS

PRIOR ACCIDENTS OF FAILURE
OF DAM - DESCRIPTION
' - REPORTS

MAINTENANCE OPERATION
RECORDS

Not available.

None instailed
Surge and outlet structure remodeled in 1975

Available in N.H. Water Resources Board files
Not made
) Not available

None available
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CHECK LIST

HYDROLOGIC AND HYDRAULIC DATA
ENGINEERING DATA

Name of Dam: LAKE WAUKEWAN DAM

15

Drainage Area Characteristics: 12.54 square miles

Elevation Top Normal Pool (Storage Capacity): 539-0 (20,542)

Elevation Top Flood Control Pool (Storage Capacity): NA

Elevation Maximum Design Pool:  543.0 (2,500)

Elevation Top Dam: No dam exists. Minimum lake rim estimated at Elev. 543

SPILLWAY CREST:

a. Elevation __ Permanent crest 537.20

b. Type © - Triple pass stop-plank section
c. Width Approximately 3.5 feet

d. Length 11.3 feet

e. Location Spillover _ At top‘of slope Amatex property

f. No. and Type of Gates None

CUTLET WORK: _
a. Type ' NA

b. Location NA
¢. Entrance Inverts NA
‘d. Exit Inverts NA

e. Emergency Draindown Facilities

None

HYDROMETEGROLOGICAL GAGES:
a. Type ~__None

b. Location

~ ¢. Records

MAXIMUM NON-DAMAGING DISCHARGE

220 cfs (estimated)



APPENDIX B
PHOTOGRAPHS

ALL PHOTOGRAPHS TAKEN ON JUNE 6, 1978



LAKE WAUKEWAN DAM

Photo 1 - View of Lake Waukewan from the head of the inlet canal.

Photo 2 - End of the intake canal west of Main Street. The trash
rack guarding the inlet of the 6 ft. x 6 ft. intake con-

duit passes under the building in the background and
under Main Street,fronting on the building's other side.

y




LAKE WAUKEWAN DAM

Photo 3 - Gate house astride the 6-ft. diameter penstock. The
gate inside is of timber construction, and can block
off water for downstream maintenance.

Photo 4 - View of the double stem
timber sluice gate lifting
mechanism.




LAKE WAUKEWAN DAM

Photo 5 - The chute channel down-
stream of the surge and
overflow structure
(refer to overview
photo). The total
drop is about 35 feet.

Photo 6 - View of the outlet to Lake Winnepesaukee. The culvert
runs under U.S. Route 3 and the Amatex Corporation
mill building in the background.




APPENDIX C

PLATES

PLANS & DETAILS OF DAM Drawings 1 & 2
GEOLOGIC MAP - Drawing 3



FULL LAKE
EL: 504

T CHANNEL .-
! SECTION

CORLISS BROOK
NATURAL OUTLET -~ ™
OF  LAKE WAUKEWAN

NN
P,tﬁE‘iB\SECTION WJ'FH SOME :
PEN PARTS RUNNHW}\UNDER

UILDINGS OF PRESCOIT.
LUMBER COMPANY

&
2,

HARRIS -EClI ASSOCIATES

LAKE WAUKEWAN | pwe.
LAKE OUTLET |




b

i1

—

(STEE L Fuarpe T
UV, W 14
.,,..Rui_w‘_mw o .,_k‘;..u P — — - STDE PLANKS 7’2 HiG® » 3 /N SLAGE &
‘3 ! e 3 N MBER G-
Wl on G'Sﬁj el 535?6'2' 1 (——i _—~ !V : . k MANIrGIM N MBER 4
; Al Sosaen § m L . s RS ST
TRA I NG HEALL SRR T eewton i et ' y [009F Fix&D CoNCK “F: NIV
. I ' Srev. 53720 [SsTv
GRoUND LEVEL |- L
I o ) R T M TE
TN K £ 47\\ NI o= -‘__;‘ I ?_ !
SECT. A-A SF STEER ILOPE

7

o
fraad
-

T TRASE RACK SN TAKE

¢
e f

7 X 4
2 sTy L

L4 '
XG CovoARETE BOX CULVER

[

.

A
Al'i

CANAL SRV

LA s WAUKEZW AN

Ex
SrAaeTr s

o G.’Q "_E .""f{()‘U-.‘:;"-'E

P

e |
hadid - "—‘w.\ b =~ — N ™~
r g o * I
\\‘::4; ? ,45»4;\;‘3(7:‘4;:{} L

L G AENE DI
-.7/“——'[_—__'

|

|

BoTror oF
SLoPEy
11’3
| |

|

1

4

il

sER S za

o

“F
i
1

Y

7 n
" &
(NN

O
< 5
IR

SENERANTR NN

i

— 4 e

COLVERT
!

v :

|
TR nd I !
P Al

w: (o™

roRva» QOOM‘/

~NOYSE )

.
Borrut o L
:;f.. OPE k

— - o Pu— —)

AN \\!\ \\I\ AN

I X 7R

/ LLLS

hd

|

US Réure 3

{

‘(
T

DovER ST,

WATEA LEVEL
=L 5392

NMAIN ITREET

—l—— SWAREY 'S
MONIAMENT

e T —

—g

£

T

e g st

—
i
G )

oy

XA

Fuldl LAMKE

LAKE WINNE pPES AUNRE

HARRIB-EC] ABB0CIATES

LAKE  WAUKEWAN DAM! DW6.

Tz 9 NEPECT

;ou szs*cu 2



WAUKEWAN DAM

MEREDITH

MEREDITH BAY

LEGEND:
m  Ground Moraine (Titl)
————  Contact
NOTES: |I. No Qutcrops Observed in Vicinity of Dam

2. Bedrock is a Porphyritic Granitic Gneiss and is
Mantled by a Veneer of Moraine
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